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SUMMARY

A method for predicting the static, longitudinal aerodynamic
characteristics of typical missile configurations at zero roll angle
(i.e., in a pius configuration) has been developed and programmed for
use on the IBM 7090 digital computer. It can be epplied throughout
the subsonic, transonic, and supersonic speed regimes to slender bodies
of revolution or to nose=-cylinder body combinations with low aspect-
ratio lifting surfaces. The serodynamic characteristics can be com~
puted for missile configurations operating at angles of attack up to
180 degrees. The effect of control surface deflections for all modes
of serocdynamic control are teken into account by this method. The
method is based on well-known linear, nonlinear crossflow and slender
body theories with empirical modifications to provide the high angle
of attack capability. Comparisons of the theory with experimental data

are presented to demonstrate the aécuracf of the method.
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NOMENCLATURE

exposed aspect ratio

semispan of an aerodynamic surface including the body
radius, feet ’ :

total drag coefficient
base drag coefficient

crossflow drag coefficient

friction drag coefficient

induced drag coefficient

total zero-lift drag coefficient

pressure drag coefficient

wave drag coefficient

incompresgssible skin-friction coefficient .
compressible skin-friction coefficient

drag of a flat plate ﬁormal to the flow

total 1ift coefficient

1ift curve slope, per radisan

total longitudinal pitching moment coefficient
root~chord of an aerodynamic surface; feet
tip-chord of an aerodynamic surface, feet
diemeter of the body at any station, feet
base diameter of the body,.fe§t

diameter of fhe nose at the nose-body juncture, feet

spanvise location of the vortex which emanates from the
forward surface, feet

height of the trsiling vortex above the body centerline
at the aft surface center of pressure, feet

downwash interference -constant
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NOMENCLATURE

(continued)

apparent mass factor
linear.lift interferenge‘factor due to angle of attack

linear 1ift interference factor due to control surface
deflection -

total length of the body, feet , i
léngth of the nose, feet

arbitrary reference length, usually the maximum body
diemeter, feet

distance from the tip of the nose to the intersection of
the tail leading edge with the body, feet'

distance from the tip of the nose to the intersection of
the wing leading edge with the body, feet

free-stream Mach number
cotangent of the leading edge sweep angle

redius of the bcdy at any station, feet

_Reynolds number

base area of the body, (féet)2

exposed planform aree of one pair of forward lifting sur-
faces, (feet)

body cross-sectional area”at the noge;'body juncﬁu;e; (feet)?
planform area of the body, (féét)'z

surface area of the body, (feet)?

exposed planform area o% one pair of teil surfaces, (feet)z
planform area of one palr of tail surfaces as obtained by

extending the leading and trailing edges to the center-
line of the body, (feet)?. See Figure 2.
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cp

AC

AC

NOMENCLATURE

(continued):
exposed planform area of one pair of wings, (feet)?

planform area of one pair of wings as obtained by
extending the leading and trailing edges to the center=
line of the body, (feet)?, See Figure 2.

volume of the body, (feet)3

distance from the nose to the missile center of gravity,
(feet)?

~ distance to the surface center of pressure as measured

from the intersection of the leading edge of the
aerodynamic surface with the body, feet

distance from the noée to the center of pressure location,
feet

distance from the intersection of the panel leading edge
and the body to the hinge linpe, feet

distance from the nose to the centroid of the body plan=-
form area, feet

missile angle of attack, degrees

compressibility factor, VMz-l

control surface deflection, degrees (See Figure 1 for sign
conventions)

component of the induced drag coefficient

increment of wave drag for the transonic speed regime

ratio of the drag coefficient of a circular cylinder of
finite length to that of infinite length

conical nose semi-vortex angle, degrees

lifting surface taper ratio, Ct/Cr

 leading edge sweep angle, degrees

sweep angle of the quarter chord line. degrees
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BT - §
BW

BW - o

FB

N

- 1B

TB - o

TB - §
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NOMENCLATURE

(continued)

- SUBSCRIPTS

aft 1lifting surface, alone.
body alone

body in the presence of the tail ‘ ™~

body in fhe presence of the tail due to angle of attack

body in the presence of the tail due.to control surface
deflection

body in the presence of the wing

body in the preseﬁce of the wing due to angle of attack
forward surface alone

forward surface in the presenée of the quy

nose

tail alone

tail alone due to angle of attack

tail alone due to control surface deflection

tail in the presence of ﬁhe body

tall in the presence of the body due to angle of sttack

tail in the presence of the body due to control surface
deflection

tail, nonlinear component

wing alone

wing in the presence of the body
wing in the presence of the bédy due to angle of attack{

wing, nonlinear component

The control surface is defined as the tail regsrdless of the mode of con-
trol; the fixed surface is defined as the wing (see Figure 1).
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INTRODUCTION

Increasing maneuverability requirements of missiles indicated a =
need for predicting the aerodynamic characteristics, ineluding lift,
drag, and pitching moment, of missile configurations to angles of
attack of 90 degrees and higher. A study showed that existing methods
for computing these aerodynamic characteristiecs are based on a number
of different theories all of which are applicable only to small angles

“of attack. To fulfill the high angle of attack requirements,; a method
for determining the aerodynamic characteristiecs of low aspect-ratio
configurations at zero roll angles operating at angles of attack up to
180 degrees has been developed, The method ié applicable throughoutﬂ
the subsonic, transonic, and supersonic speed regimes up to gvAR'g 10.0,
and sceounts for control surface deflections. |

The method is composed of well-known linear, nonlinear crogsflow,
and slender body theories which have been modified to provide the
required high angle of attack capability. These theories can be
applied to slender bodies of revolution or nose=-cylinder bodies with
canard, wing, or tail controls (Figure 1).

This report describes the methods developed and the computer
program which has been writiten for use on the IBM T090 digital computer.
The description of the method is divided into three.parts: lift, drag,
and pitching moment, For the sake of clarity, the description of the
method is kept to a minimum, withoﬁt lengthy Jjustification and
deseription of the technigques employed. The reader is referred to the
references for detailed descriptions of the varﬁous theories. The
description of the computer program consists of a brief discussion of
the main program and subroutines and complete instructions required for
use of the program. Comparisonsvof theoretical results with experimental
data are presented for angles of attack up to 90 degrees over the entire
speed range to demonstrate.the accuracy of the theories. Some data for
a missile configuration at 180 degrees angle of attack is available and

is compsred with the theoretical results,




LIFT CHARACTERISTICS

The total 1ift on the missile is the sum of the body 1lift, the 1ift
due to the serodynamic surfaces, and the interference 1ift between the
forward and aft surfaces, The lift on the body and aerodynamic surfaces
is composed of two components: linear 1lift including the effects of the
body=~lifting surface interaction and nonlinear crossflow lift, 1In
general, the crossflow lift component is caused by flow separation whiet
occurs at angle of attack, while the interferencé component is the lift-
loss on the aft lifting surface due to downwash from the forward surface
(Reference 1).

Allen, References 2 and 3, developed a method for predicting the
total 1ift on bodies of revolution at angles of attack., This nmethod
includes the linear or potential flow component and two nonlinear i
components: the viscous crossflow force and the viscous axial force,
Because the contribution of the axisl force component to the body lift Yo
is small, it is usually neglected., Allen's expression for the body
lift is

(k. = k.) SB sin 2a cos
REF

where the first term is the linear contribution and the second term isrthe

na

s B
+ ncdc gz_ sina cos o= CD cos?a sin a
REF /- ©

B
(1)

nonlinear contribution., The apparent mass factor, k and the drag

2 = Ky
ratio, n, can be obtained from Figure 3, while the crossflow drag
‘coefficiant, Cdc’ is obtoined from Figure b, Comparisons of theory with
experimental data for numerous bodies of revolution over a wide range
of Mach numbers and angles of attack are presented in Reference 3, It
should be noted that although this expression for the lift is independent
of the nose shape, good agreement with experiment is indicated in
Reference U for a body with an unuggal shape.

The linear 1lift characteristics of low aspect-ratio lifting surfaces
vhose cross-sections are thin and symmetrical are generally a function of
speed, planform area, and sspect-ratio. When the diemeter of the

missile body is of the same order of magnitude as the span of the




lifting surfaces,.the effects of body-wing and body-tail interactions are
significant. Hence, the linear lift of the aerodynamic surfaces is composed
of two components: the 1lift on the surface in the presence of the body,
end the added 1ift on the body due to the presence of a surface, Most low
aspect-ratio missiie cohfiguratibns exhibit a nonlinear dependence of 1ift
on angle of attack,lespecially at the higher angles, One primary cause of
this is the crossflow lift component which is due to lateral flow separa-
tion and the formation of free vortices on the upper surface. This non=-
linear dependence 1s analyzed in References 1 and 5 and summarized by Eaton
in Reference 6.
The expression for the total wing 1lift based on an arbitrary

reference area is |

+C | (2)

c. =c +cC
LW LWB-a LoWeo  Lwv

In order to provide high angle of attack capability, it is necessary to
modify both the linear and nonlinear theories. The 1lift on the wing in
the presence of the body, as presented in Reference 2, is a linear function

of angle of attack and can be expressed as

c =K _ C /s \a |
Ly 0B T (L - (3)
REF -

Since the 1ift force does not vary linearly with angle of attack at high
angles, Equation (3) is modified such that the linear 1lift becomes a

function of sin ¢ as shown below

cLWB~ ‘= KWB CL SW sin a : (4)
- aw S .
REF




This ccmponent of the linsar 1ift is modified further to satisfy the eund
condition of zero. lift at 90 degr=zes éngle of attack. The resulting

expression for the linpear wing 1ift in the pressure of a body is

CL = KWB CLf <TSW. sin o cos a (5)
W= % - :
REF

It is important to note that for small angles of attack the modified
theory should be very close to the method of Reference 1 since sin
o%n and ecos o*1, Similarly, the additional lift on the bedy due to

the presence of the wing is

= C. i
C, Kew 1 Sy sin o cos a (6)
BYW=0a e —S—-—' :
REF
e eters ’ i ' i .
The parameters. KWB and KBW' are dgterm1ned from Figure 5 CLa is
c L

obtained from Figore 6 by multiplying Law by the aspeci=ratio

TER

if AR < 1.0. When the aspest ratio is greater than one, the lift-curve

slope is obtainsd from the following eguation

C

La ‘
c, = ( 1 _w| aR : (79
ﬁw AR(AR = 1}/AR AR : .
CEQ |
vhere W] is ~bhtained from Figure 6. The first term of Equation (7)
AR '

is an empirical modification of the 1ift curve slope for a lifting

surface with espacteratio greater than 1.




The nonlinear wing lift from Reference 6 is

_ . 2 ' : S
Cva Cdc sin“a (8 A A | (8)
| | SREF

This expression is modified to satisfy the aforementioned end condition

with the result being

C = C sinea S ¢cos a 7 (9)

Lyy e s
SpEF

where Cdc is obtained from Figure 7. It should be noted that the cross-

flow drag coefficient is not appreciably affected by Mach number,

(References 6 and 7); hence, C, is presented independent of Mach number,

de
The total tail 1ift is computed basically the same as the wing 1lift
except for the 1lift due to deflection of the control surfaces. The tail

lift is expressed as

c, .=¢C +C +C +C +C , (10)
Ly Lrpo Lppeg Leps  Lpp-s v
where éL and C are obtained by applying Equations (5) and (6)
L
TB=a BT-0
to the tail surface. The other three components are:
L4
L = Kpp cL sin §[°T cos{a + &) ' (11)
TB=§ QT s
- REF
CLB o KBT ‘L sin §/S cos{o + §) (12)
T=8 o T.
; Y =
© O NTREF
B , _ , , . .
CL = Cy, sin (o + §) Sp cos(a + 8) (13)
v 5
: ) ‘ REF
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- The parameters, KBT' and KTB' , are obtained from Figqre 5, while Cdc and
CL are obtained as specified for the wing, Notice that the nonlinear
G
lift is based on the local angle of attack, (a + &), of the control
surface. ‘ '

The 1lift-loss on the aft surface due to downwash from the forward
surface is obtained from the method presented in Réference 1 and discussed
in Reference 7. Since the method for computing this component of the
total 1ift on the missile is both complex and lengthy, only the eguations
necessary to compute the lift-loss are presented. The reader is referred
to Reference 1 for a detailed discussion of the assumptions and technique
used in deriving the method. It is noted that the nomenclature used to
describe the lifting surfaces is changed from wing and tail to forward and
aft surfaces. This is necessary because the control surface, whether it
be wing, canard, or tail type of control, is designated the tail and |
because the aft surface, regardless of the mode of control; is the one
which is affected by downwash.

This method is valid for the entire speed range. The lift-loss due

to downwash is

. ' “ » - .
¢, Cp [%?B sin a + Koo' sin 6;] i(b r)A Sp
c. = Gp % ,

Li 2n(AR)A(fF - rF) SREF ‘lh)
This equation is obtained from line-vortex theory assuming only one
trailing vortex per forward panel exists (see Figure 8). The lateral
location, f%ﬁ and the vertical location, hA’ of the vortex are required
for use in Equation (14) and to compute the interference factor, i.

The lateral. location of the vortex on the forward surface expressed as
a fraction of the exposed semispan of this surface is
[1 +(r/b)2 ’ . =111 =(r/v)2
T = n(r/b)% - (r/b)F + g . 8in -m~mmu=m§w
(f ) r) _F T 2[1 ~(x/v),] R ERICTe
ST 2 [1 -(r/b)F] |
L | (15)
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For convenience, the right hand side of this equation is defined as A'.,

Isolating fF results in the following expression

fn = A'(b = f)FA + g . | (16)

where f_ is the spanwise location of the vortex at the forward

F
surface. Since the lateral location of the vortex with respect to

the body axis is unchanged, the subscript may be dropped and Equation

(16) may be written as

£f=A(b = r)F +rp | ‘ (17)

The vertical location of the vortex, hA’ is measured normal
to the body axis at the center of pressure of the aft surface,
The expression for hA is '

ny = (0, = g sin g+ [1, ¢ (), = 3 - (Cr)F] sina  (18)

Note that the vertical location of the vortex is a function of both
angle of attack and the deflection angle of the forward surface.
The interference factor, i, is given by

- AsZoLih (x,ﬁ,—ggg) AyLafyohy AsL,=T. oh, :
* (_14')\)})(1351))-13 P bb - L b +L b #'g?i (19)

b K

L(}\,L,jﬁ;,g b =xh) = £01 = A) o [h2+(f ~ b)2 -(1 - ) (b =r) +
bbb 2(b = ) N R2F(Tor T2 6 - T

g i)

and
fr2 : N 2
f, = Sy h, = hr e
1. 2+ n A » * i TR VoL




Hence, once the location of the vortex is determined and £he position of
the image vortices, £ and hi' is determined from Equation (21), the
interference factor can be computed from Equations (19) and (20). The
lift-loss due to interference can then be calculated,

‘ The total 1lift based on an arbitrary reference area is obtained

by adding the components

C, =C +C +C.  +¢C, , (22)

where CL » & lift-loss, will be a negative quantity, The other three

components inelude -both linsar and nonlzréar c@nt+1bution5-

S d

DRAG CHARACTERISTICS |

The total aerodynamic drag acting on a missile is the sum of the
zero-lift drag, the induced drag due to angle of attack and/or control
surface deflection, and the base pressure drag. It is well-known that
the selection of the proper technique for computing the zero-lift drag
igs determined by the operating speed of the missile, Hence, the
methods employed to compute the zero-lift drag of a missile are described
for three speed regimes. These speed regimes and their associated

limits are defined as follows:

1. Subsonic = M < 0.8
2, Transonic «= 0,8 S M 21,2
3. Supersonic == M > 1.2
The description of CD calculations for these speed regimes is followed

O «
by a description of the methed used io .compute the induced dreg due to

angle of attack and/or tail deflection., The last section presents

the total drag.




1. Subsonic Region

The zero-lift drag for subsonic speeds can be expréssed as

Cc. =¢C +C + C (23)

where each of the components is composed of skin-friction drag and pressure-
drag. The pressure drag at subsonic speeds is usually small compared to the
~drag due to skin friction., Since the flow around high speed missiles of the
type being considered here is primarily turbulent, the methods employed are
developed assuming the existence of fully turbulent boundéry layers,

The zero-1ift drag of the body based on an arbitrary reference area is

obtained from Section 4.2.3.1 of Reference 9 and can be expressed as

: S

C. =1,02C. |1+ 1.5 + T s

D f P ] (24)
g B l: (13/ dB ) /, (13/ dB)3 _PREF

where Cf, the skin-friction coefficient, is determined using Figure 9.
The wing zero-lift drag as presented in Section 4,1.5.1 of Reference 9
is
K 1
C Lis
D =8.,0¢C 1+ 2(t/c) + 100(t/c) W (25)

sREF

The factor of 8,0 is included to account for the total wetted area of
the surfaces and for the existence of four wings. The tail zero—iift
drag, DOTs can be obta%ned-by using thé:tail thickness-~to-chord ratioc and
the total tail area, 8, » in Equation (25).

These three components, based on the same arbitrary reference area,
are added as indicated by Equation (23) to give £he total subsonic zero=-
1lift drag.

B T N T S



2., Transonic Region

The body drag in the transonic speed regime is composed of compreésible
skin-friction drag, subsonic pressure drag, end transonic wave drag,ana is
obtained using the techniques presented in Section 4.2.3.1 of Reference 9.
The compressible skin-friction drag is obtained using the following

equation:

C =1,02C,. S | ' ;  (26)

where Cf is a function of both Reynolds number and Mach number and can
be deterfiined from Figures 9 and 10. The subsonic pressure drag as ex-

tracted from Equation (24) is

S
5

¢, =1.02C, [1.5 + T
D O VR rT3ls— (27)
Py B@B/dB) 3/2- (174 ]SREF

The transonic pressure drag is computed using Equation (27) up to a
Mach number of 1,0 and then it is decreased linearly from its value at 1.0
to zero at M=1l.2, |

The transonic wave drag of the body is obtained from Figure 11 which
presents the wave drag as a function of the nose fineness ratio and Mach
number., This figure was constructed from experimental data presented in
Reference 10 and by using the curves of wave drag'fof bodies of revolution
as shown in Reference 11 and reproduced here in Figure 12. '

The total transonic body zero-lift drag is obtained form the following

expression:

g B B B “REF
10
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Experimental results show little increase in the viscous drag of the
aerodynamic surfaces from the subsonic to the transonic regime and there-
fore, the skin-friction drag for the subsonic region is also used in the

transonic regime. It may be expressed as follows:

cDo = 8 wa [1 + 2(1;_)] | (29)

w .

. To this wing transonic skin-friction drag is added a drag increment, ACD ,
o
W

which is the transonic wave drag of the wing surfaces. Figure. 13 expresses

this component as a function of thickness-to-chord ratio, X , aspect-ratio,
c

and Mach number for rectangular surfaces. For surfaces having swept

leading edges, ACD

is obtained as for rectangular surfaces and then ad-~
o ‘ .

W
Justed to account for the sweep angle using the following equation:

_ 1 205 ‘,
ACD = ACD E:os Ac/hjl - (30)
w .

Ow

D
surfaces is ' OW

M' =-MEOS Ac/h]l/e ' | b' - (31)

The Mach number used in Figure l3’to'obtain Ac for swept lifting

This component of the drag ‘duesbo the ssrodynamic surfaces must be com=
puted for both the wings end tails, ' The tail contribution is determined

in the same manner as the wing contribution above using tail parameters.

11
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The total transonic zero-lift drag is the sum of these.components as

shown below:

= . ' '
‘o, = {%, * ACDO) AT S T B N (32)
W W SREF T T SREF B
3., Supersonic Region
A simple empirical method for computing the zeroe=lift drag for the
supersonic speed regime has been developed by assuming a parabolic
variation of CD with Mach number between 1.2 and 3.0, The resulting
° B
equation which is used to compute the zero=lift drag of a missile for
Mach numbers grester than 1.2 is
c, " ~-C. ! ] C K - C_ !
D D D D
c = + + '
D °. i 2 ¢ (33)

¢} o
° | B- p= Lo TE]

where Cp ' and Ch " are the values of the total zero=lift drag at
o o

Mach numbers 1.2 and 3.0 respectively. It should be noted that

although C., for Mach numbers greater than 3.0 can be determined from

D
e}

Equation (33), existing hypersonic flow theories would probably provide
a more accurate estimate of the zero 1lift drag.

In order to utilize Eguation (33) for determining the variation

'3

of C, vith Mach number, Cp ' and Cj " must be specified. ¢y ' is
o : o] o ' o)
determined by using the techniques described in the previous section

for the transonic flow regime. Since the magnitude of the superscnic
vave drag is heavily dependent on.the nose shape of the missile, Cj "
is determined using one of two methods; the selection of the properO

method depends on the missile forebody shape,

12




In the first method, which is for blunted ogives, pointed ogives,
and blunted cones, the‘supersonic zero=1ift drag is a function of Mach
number and nose fineness ratio, Since CD " is the zero-lift drag at M=3.0,
it remains to define its variation with Cnose fineness ratio. Hoerner,
Reference 12, indicates the zero-lift drag for body=-fin configurations with
slender (high fineness ratio) nose shaepes generally peaks at a Mach number
of 1.0 to 1.2 and then decreases to approximately its subsonic value plus
the transonic wave drag of the lifting surfeces at M=3,0. Similar con-
figurations with blunted nose shapes of low fineness ratio reach a pesk at
sbout the same Mach number, but decrease very little as the Mach number is
increased. Using these trends as an indication of the effect of fineness
retio on the variation of zero-lift drag with Mach number for the supersonic

"

speed regime, . C for the aforementioned nose shapes is specified as

DO
follows:
. " 1]
a) For (1/<1)N < 0.5, cD0 = CDO ' '
) (1/a) " il T
b) For (1/4)_ > 8.0, o = C + [AC + AC —
N Do Do//;=008 Dow SREF DoT SREF

where CD // is determined utilizing subsonic flow theory and ACD
o /M=0,8

Oy

and ACD are the transonic wing and tail wave drag. The variation of the
O -
T

forebody wave drag as a function of Mach number is presented in Figure 12 and

was used to construct Figure 14 which is.utilized with the following equation:

" . | | (34)

1"

to compute CD for nose fineness ratios between 0.5 and 8.0.
o)




In the second method, which is for pointed conical noses, CD is
. o
determined from the following equation:

' '
e s

Cﬁc; ) CDo A:o 8 ' ACDO gﬂ—' *AC, I Jtch.
o HOREE T REF N (35)

where the first two terms are obtained in the same manner described above,
The forebody wave drag, which for this type of nose is a function of Mach
number and the cone semivertex angle, is obtained from Figure 15.

"

Once CD is determined, Equation (30) can be used to compute the
: o) o :
zero=-lift drag at any Mach number between 1.2 and 3.0, The complete zero-

1ift drag curve of a missile can now be determined.

4, Induced Drag

The induced drag due to angle of attack and/or tail surface de-

flection is composed of four drag increments as shown beloﬁ:

C. = AC + AC +AC + AC (36)

The drag increment for the body is obtaihed using & method presented in
Reference 3, while the induced drag due to the wing and tail is obtained
from the drag of an equivalent flat plate normal to the flow., The in-
duced drag on a body of révolution at angle of attack can be expressed

as follows:

ac, = (k2 -k ),Sb N sinzm‘¢_ncd SE \ sina (37)
B0t Ns—=) C\s .
C REF/: REF o

.Eﬁg;
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The wing induced drag based on an arbitrary reference area is obtained

from

S.. sin o (38)

where CDFP is the drag of a flat plate normal to the flow field, and is
determined from Figure 16, The drag curve shown in Figure 16 has been
constructed using the three~dimensional subsonic drag coefficient for a
flat plate normal to the flow (Reference 13) and the variation of the drag
coefficient with Mach numﬁer for the two-dimensional flat plate (Refer-
ence 12). The equivalent flat plate area of the wing is taken as the pro-
jeétion of the wing area on the normal plane, SW sin «. Similarly, the
drag increment of the tail surface at angle of attack is

AC = C ST sin « _ (39)

D D
T=0. . FpP SREF

The drag incfement due to deflection of the tail surface cannot be
obtained directly since the drag increment is not a linear function of
local angle of attack, The total drag increment for the tail surface can

be expressed as

AC + AC = C T
T=o - T-3 Fp S

S sin{o ¥ §) }(hO)

REF

where (a + 8) is the local tail angle of attack. It now becomes a
simple matter to obtain the drag increment due to the deflection of the
control surface by taking the difference between Equations (39) and (k40).
Thus

ac. = [Ac + A - Ag. (41)
Dr_s ( Dr_g DT-—G) Dy

15
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6. Total Drag
The total drag can be expressed as follows:

=% * 5, (42)

where C, is determined using Equation (36) and C, is obtained from
i o
Equation (23), (32), or (33) depending on the speed of the missile,

Base pressure drag is not included in Equation (L2).

16
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PITCHING MOMENT CHARACTERISTICS

The total pitching moment acting on the missile is the sum of the
moments due to the lift and drsg forces acting on the body, wings, and
tails, Most methods for computing the pitching moment (References 1, 6,
and 9) consider only the moment due to 1ift., This is valid only for
small angles of attack., If large angles of attack are to be considered,
the moment must ineclude the.dragbqqntributiono in general, the Eody
longitudinal pitching moment is determined directly; while the other com=-
ponents are determined only after the centers ofipressure of thé wing
" and tail surfaces are specified,

The body-alone pitching moment about its center of gravity is

obtained from the method of Allen, References 2 and 3. The expression is

, V. =-s_(1 -X
¢ =(x -x)| B z;( B QG;>

m 2 1l sin 24 cos g
. o
B SREF lREF : 2
g , (43)
Sp \[¥ce = %p _ '
+ nC sino
- de \ Spgp Irer
where (k2 - kl)B Cdc’ and n are determined from Figures 3 and 4. This
moment coefficient, Cm s is based on an arbitrary reference length and
B .
“area,

As noted above, the center of pressure locations for the wing and
tail surfaces muét be specified before their pitching moments can be de=
termined. It must be remembered that theAlinear 1ift of the merodynamic
surfaces is composed of two components: the 1ift on the surface in the
presence of the missile body and the additional 1ift on the body due to
the presence of a lifting surfaceo. This means that in order to deter-
mine the linear pitching moment caused by the lifting surfaces, it is
necessary to specify the center of pressure location for each of these
linear components,

The center of pressure of the 1lift on the wing in the presence of

the body as measured from the junction of the wing leading edge and the

17




body is obtained using Figure 17. The reference point is transferred to

the nose by using the following equation

(2) @hn
WB .

=

C
by

where <X=--> is obtained from Figure 1Ta for subsonic speeds and from
WB
Figure 17b for supersonic speeds.
The center of pressure of the additional lift on the body in the
presence of the wing is obtained using Figure 18 if the flow is subsonic,
~ and either Figure 19 or 20 if the flow is supersonic. For the case of

supersonic flow, Figure 19 is used if

BAR (L + A)f1+21 | <b.o
. mB

end Figure 20 is used if the above quantity is greater than 4.0. The cen-"
ter of pressure, féw, as obtained from the aforementioned figures, is

~referred to the nose by using the following equation.

X [ X (C> + : (bs)
( CP)Bw (Cr - r W lW

The location of both centers of pressure for the tails, (kc€>fB and
(Xcé)BT,_can also be obtained from the above procedure.

The centgrs of pressure for-a given 1iTting surface are combined to
obtain a single average center of pressure location for each set of aero-
dynamic surfaces. For example, the average center of pressure of the
wings 1s obtained by computing the total pitching moment due to the wings

and dividing by the wing normaquorce, *The pitching moment about the
M

18



nose of the body due to the wing is

cmw = [(cLWB + Cva + CLi) cos a + ACDW-Q sin o ] [(XCP)WB/:LREF]

+ 1 C cos a X /1
[ Ly ] [( CP)BW REF]

where all of the above terms have been previously defined. The average

(b6)

wing center of pressure as measured from the nose of the body can now be

defined as

) - Cny_IREF - (47
CP - (C + C )cos a + AC sin a 1

Lw ‘ Li D,

W=a

Similarly, the tail pitching moment and center of pressure including the

effect of surface deflection can be expressed sas
C + C + C cos o + C +
Ty [( LiBea  T1v Li) Lrp.s
AC + AC sin a X, /1 + [C cos o (48)
( Prog DT-G) ] [( CP)TB REF} Lpra
*e (XCP) /A ex
LBT-G BT |

Q
i

<4

X 3 “ur rER i
ce ), (CL +CL)cosa+CL +(ACD ¥ i, )sina (k9)
T~ i -8 M=o, Twd

where -
C = C + C + C
LT-a LTB-a LBT-a LTV

and
C = C + C
Loss Trpes  Tpr-s

19




The total longitudinal pitching moment of the missile sbout the

missile's center of graevity may be expressed as

X, -[X
G (CP)T_

.‘m_ o Ty (XCP)W - +CmT (XCP)T | (50)
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COMPUTER PROGRAM DESCRIPTION

The method pfesented herein for obtaining the static aerodynamic
characteristics of a-missile has been programmed for use on the IBM T090
computer aﬁd other compatible digital computers. The program, Table 1,
is written in Fortren II and requires only the geometric characteristics
of the missile and its flight conditions as inputs. The output consists
of the static longitudinal aerodynamie characteristics in coefficient
form, the center-of-pressure location for the body, wings, and teils,
the lift-curve slope for each set of lifting surfaces, and the compo-
nents of the 1lift and normal force coefficients. The force components
referred to are the body, wing, and tail 1ift and normal force coeffi-
cients and the coefficient representing the lift-loss due to downwash,
The serodynsmic characteristics are output in both the stability and
body axis systems (Figure 21). Provision has been made for a third 1lift-
ing surface to account for the possibility of using strakes in combina-
tion with two other sets of lifting surfaces (Figure 1),

The program itself consists of a main program and three subroutines--
GEOSUB, CLASUB, and CATSUB. The first subroutine performs some initial
geometric computations, determines the nose wave drag constant (Figure 1k),
- and obtains the Reynolds number per foot based on the altitude input to
the program. Subroutine CLASUB determines the lift-curve slope of the
lifting surfaces from curve fits employed to represent the curves pre=-
 sented in Figure 6, The last subroutine, CATSUB, obtaiﬁs the body-wing
and body~tail interference factors, computes the center of pressure loca-
tion as a function of the root chord of the lifting surfaces, and deter=-
mines the crossflow drag coefficient for the lifting surfaces.

The program computes the static force and moment coefficients for
typicel missile configurations at specified angles of attack, control sur-
face deflection angles and Mach‘numberso The angle of attack range is
~180° to +180°, and any control surface deflection within this range may
be used. The Mach number is limited to 3,0 only because the drag pre=
diction methods are valid up to this particular Mach number. The pro-
gram can be used for configurations at M > 3.0; however, the drag pre-

dictions above this limit should be used with caution., The computer




TR

program can be used to obtain build-up informetion; that is, the aero-
dynamic characteristics of the missile body alone, the body-wing configu-
ration, and the body-tail configuration. This information may be ob-
taine&.by sinply setting the appropriate parameters to zero.

The inputs to the computer progrem with their FORTRAN symbols are
presented in Table 2, The format for preparing the input cards is pre-
éenteé:in Table 3. It should be noted that if a configuration does not

have & control surface, e.g. a body salone configuration, the number of

‘contral,surface deflection angles should be set at one and the deflec-

tion emngle, itself, would be 0.0 degrees. Cards 11 and 12 are used -
only when the number of angles of attack require their use. The output
variables are defined in Table 4, There is no limit to the number of

data decks which may be stacked together and run et the same time.

COMPARISON OF THEORY WITH EXPERIMENTAL DATA

Eumerous comparisons of theory with experiment have been made in
order to establish and verify the accuracy of the method. TFigure 22
presents the configurations used for compariscn. Configuration 1 is a
strake-tail configuration, Fiéure 23 presents the comparison between
the experimental data and the theoretical results obtained from the
method described herein. The theoretical 1ift and drag are within
15 percent of the experimental data for M= 0.7T. The deviation for
M = 1.1 does increase to about 25 percent. However, it should be noted
that the accuracy of the method to 30 degrees is good. The method also
predicts the center of pressure location very satisfactorily.

Lonfiguration 2 is a wing-contfolled vehicle. Comparisons are
presented in Figure 2L for Mach numbers of 1.12 and 2,16 and for wing
deflection angles of 0 and =10 degrees. Although high angle of attack
data is not available for this configurstion, it appears that the com-
paratively high theoretical 1ift shown by Configuration 1 may be more
prdnaunéed for Configuration 2, This trend is seen by the decrease in
the slope ofﬂthe experimental 1lift data at 25 to 30 degrees angle of
attack, Figure 2L, The comparison with the wing deflected down 10 de-

grees appeared to be good,

22




Data for Configuration 3 is presented in Figure 25, Configuration
4 was tested by the Cornell Aeronautical Laboratory to 180 degrees angle
of attack, Reference 1L, Comparison of theory with experimental data

is presented in Figure 26,

CONCLUSIONS

A method for predicting the static, longitudinal aerodynamic
characteristics of low aspect-ratio missiles operating at angles of
attack to 180 degrees has been developed., The method is valid for
a wide speed range and considers control surface deflections. A com=
puter program, written to facilitate use of the method, has been
described. Results obtained using the method have been compared with

wind tunnel data and acceptable agreement has been demonstrated,
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Figure 17 — Lifting Surface-Center of Pressute as a Function of Effective Aspect Ratio
(from Reference 1)
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Figure 18 — Subsonic Center of Pressure Location of the Lift on the Body in the
Presence of Wings or Tails (from Reference 1)

0.4 :
/A:’QLO,, t/b=0.6
y r/b=0.4
0.3 e t/b=0.2
’_ v ’UJ:’/ N .
7 , t/b=0.0
Ix lu“
0.2
o
o
' S
" 0
sy
0.0
0.4
' A=0.5
k03 ' _ ' r/b=10.6
TN | t/b=0.2
Mg // am— _ /b = 0.0.
02 =
m
TN
|’<|uh,v 0.1
0.0
0.4
A=1.0
03
xlo
SN— /
x 0.2 — ]
=
—
Mg /
0.0 _ ' |
0 2 4 6 8

EFFECTIVE ASPECT RATIO, BAR

Figure 18a — No Mid Chord Sweep

LT




0.6

0.5

0.4

0.3

0.2

0.1

0.0
04

03

0.2

0.1

0.0
03

0.2

0.1

0.0

A=1.0

2 4 6
EFFECTIVE ASPECT RATIO, AR

Figure 18b — No Trailing Edge Sweep

L8

r/b=0.6
r/b=04

r/b=0.2

r/b=0.0

t/b=0.6
t/b = 0.4
t/b=0.2

t/b=0.0




Figure 19 — Supersonic Center of Pressure Location of Lift on the Body in the Presence

of Wings or Tails for SAR(1 + A)(1 + 1/mB) < 4.0 (from Reference 1)
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Figure 21a =— Stability Axes

Figure 21b — Body Axes

Figure 21 — Missile Axis Systems
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Figure 23 — Comparison of Experimental Data with Theoretical Results for Configuration 1

16.0 I I
MACH NO. = 0.7 .
14.0 / .
12.0 Q < O \
» }/&) o) \
2. 1.0 / \\
a
Q
w80 : ;
w
O ,
O
- / \
b 6.0
w1/ |
|——— THEORY
O EXPERIMENT
2.0 :
)
0.0 10 20 30 40 50 60 70 80 90
ANGLE OF ATTACK (DEGREES)
4 .
: .
24.0
‘| /“‘
20.0 //
_ . o /
(@)
z 16.0 4
O : C
e F /
§ 12.0 o7
7
a 8.0 O ¥
o
4.0
{M

0.0 10 20 30 40 50 60 70 80 90
ANGLE OF ATTACK (DEGREES)

5l




CENTER OF PRESSURE LOCATION

AS MEASURED FROM THE NOSE

OF THE MISSILE (FEET)

6.0

5.0

4.0

3.0

CONFIESURATI(;NT
MACH NO. = 0.7
OO0

Qo Qo

O
S~
T 04
Y
10 20 30 40 50 60 70 80

ANGLE OF ATTACK (DEGREES)

Figure 23 (Continued)

25

90




18.0

IV T
| CONFIGURATION 1 b
MACH NO. = 1.1 / N
16.0 / ,
| 14.0 / \
/1°7° 5 N
12.0 : O J
= ) @)
S 10 : '
e L
ey
S
- 8.0 ;, .
U
3 \
L \
4.0 j——— THEORY i
O EXPERIMENT &
2.0 \
0.0 10 20 30 40 50 - 60 70 80 90
ANGLE OF ATTACK (DEGREES)
28.0 /
24.0 //
20.0 9
‘._ .
=
j1a)
b 16.0 %
[$%]
: | 4
@ 120
T
= %
8.0 ﬁ/
‘ CS/
4.0
CJM

0.0 10 20 30 40 50 60 70 80 90
- ANGLE OF ATTACK (DEGREES)

Figure 23 (Continued)




CEN/LR OF ®RESSURE LOCATION

AS ML, SURED FROM THE NOSE

O+ THE MISSILE (FEET)

6.0

5.0

3.0

T T
CONFIGURATION 1
MACH NO.=1.1
1
OJ
10 20 30 40 50 60 - 70 80 90

ANGLE OF ATTACK (DEGREES)

Figure 23 (Continued)

5T




Figure 24 — Comparison of Experimental Data with Theoretical Results for Configuration 9 -
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Figure 25 — Comparison of Experimental Data with Theoretical Results for Configuration 3
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Table 1

COMPUTER PROGRAM LISTING

DIMENSTIEN XVXMr16),XDTr16),XAL 48]
COMMAN XVXM,XDTs XA( ‘
COMMAN CN,CASCAB, CNWCNT CHWR, CLW,CLTsCLW2,CLT ,CLWB,CLVISW,CLIT,
1 CLIWICNTD, CABsXCP2,XCG2s XCPB, XCPT,XCPWa XCPW2s XCG2XCPTV)
XLAMT 4 , '
COMMON LLKKJIS‘-\'PW)ISWF’T)IS‘prWEIiAFBWlIAFBTlIAFEWE‘IL)LLLLJIJNJI
1 11,NBBDYS1Z2Y,1CSC, INDSE,NMyNMLK, IDT, IM, TAL, ISWP1,1AFS
CAMMAN XLAMW, X[ AMT, XLAMW2, ¥MACW, XMACT ) XMACK2, CLAMW, CLAMT, CLAMWR,
BW,BT,BL2,CROBTW, CRABTTICROTWE,SW,ST,SW2, XWING,XTAIL, XWING2
s XL2DsD12XLNSARFA, XREF s SSUBS, XLAB, ZF sART, ARW, ARWZ» XLNBSE
cOMMEN COLAMIBCOLAM,CRABT,R1,CLALLaXLAML BARIRATIE,XKTR, XK2TY
XKWB s XKEW, XBCRBY 5 XKinBW » XKWB T, XKWBW2) XKBWW  XKBWT s XKBWW 2
XCPBW, XCPRT, XCPRWR, YCPWB, XCPTB, XCPWR2, XKWR],80C,80CW, 8DCT,
BDCW2, CLALW, CLALT, CLALW2,REFTBETA,AL, TONST HONST,HT,XKTB],
VXM VXMEL, DELTA, XKCRWR , XBCRWB 2 XMAC XLAMWY , X AMR 4, XLAMZ)
XLAME, TAVC, TEVCT, TEVCW 2 TRVCWIEXS,STTAT,SWTRT,SwpT8T,RE,
ChR,CNBWICDAT,CRBY, cDAWE, CLBW,CLWR2,CLBWR,CLTR,CLBT,CLTD,
CLYDBsCLBPT,CLVIST,LVIWN2sCMBsCDBWBT
caMMBN DCPESY,nCResT,DCCOs2,NCOBW,DCDRT,CCDBW2
camMen cPalz
IL = ¢
3IC4E FARMATIZISS7F1C 5]
C57 FARMAT(615]
3C2C FARMAT(7F1043)
3C1C FARMAT(1CAB)
211C FORMAT[1H1,10A¢)
312C FARMATLEX,2HHT, 9X,2HD ,8x,2HXL, 6%, 6HXLNGSE,5X,3HXCGs6X s 4HAREA 6X)
14RXREF] :
3C21 FERMATIL//,EXs5HTEVCHISX26HTBYCWR25X, BHTAVCT]
314C  FBRMAT [ 3Xs 15, B8Xs 15, 4xe TF15e64//]
18C FARMATI4X,1545X215,5X,15,5%21526%s15s5%»15] .
324¢C FBRMAT [ 6Xa5u1SWPW, BX,=HIAFRWs 10X2 SHXLAMW, 10X, BSHCLAMW,
1 {0Xs5H Bl s9%s6HCRBSTW, 10X, 5H SW 210X, SHXMACK, 10X, SHXWING, /]
3244 FORMAT [ &X26KHISWPWP, 4X,aHIAFBW2s 9Xs 6HXLAMWZ, 9X, gHCLAMWZ,
1 10X25H B2 29%s AHCRABY2, 10X, SH SW2 29Xy GHXMACWZ, 9%y 6HXWING2, /]
3248 FARMAT [ 6X)SHISWPT, BX,SHWIAFBT, 10Xs SHXLAMT, 10X, SHCLAMT,
1 10X48BH BT  29X26HCREOTT, 10X, 84 ST 210X, 5HXMACT, 10Xs SHXTATIL, /]
3241 FERMATL//,6Xs5H10SC ,5Xs5HINASE ,5Xs SHNDEL T, 5Xs BHNMACH, SX s SHNALPH,
16 X15HNRRDY]) i :
3333 READ 3010, TITUL,TITLEsTITOSTITL4, TITLS, TITLE, TITL7, TITLE,TITL S,
1717LC ‘
READ 3080, 1CSCsINASE,IDT, 1M, 1AL.NBRDY
RepAD 304C, IS’w’PW,IAFE?W,XL_AHW,CLAMW,BW,CRBBTW,SW,)(VAcw,)(‘rJING
READ 3040, ISWPW2,1AFBID, X AMW2,CLAMK2,BW2,CRBALP,SW2, XMACWRs XWIN
162
READ 304C, ISWET,1AFBT,XLAYT,CLAMT,BT,CREBTT,ST,XMACT,XTAIL
READ 302C, HT,CsxL,XLN2SE,¥CGsAREA, xREF
READ 3020, TOBVCW,TBVCW2,T8VCT
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1:?%62 31107 TITLLTITLE,TITLI, TITLA, TITLE,TITLO, TITLY7,TITLE, T LY,
PRINT 3244 :
PRINT 3150+ 1CSC,INBSEIDT, IM,1AL,NRBDY
PRINT 3240
PRINT 31402 1SuPuw, [AFBW, X AMW,CLAMW,BW,CROATWISW, XMACW, XWING
PRINT 3244 :
1PR§§I 31400 ISWPW2,1AFRW2,XLAMW2,CLAMW2, ) BW2,CREBWD,SW2,XMACW2,
Xw ING2 .
PRINT 3p48 . E
PRINT 3140, ISWPT,IAFBT,XLAMT,CLAMT,BT,CREOTTST,XMACT, XTAIL
PRINT 3120 : ,
PRINT 3¢20s HT,DaXLsXLHBSE,XCGsAREA, XREF
PRINY 3021
FRINT 30202 TOVCW,TBVCW2:TAVCT
L=t + IL

LLKK=0
Leib=c

xCGZ = XcG
122Y = C

cALL GEBSUB
~ ReEAD 4000, IXDT(MY,Ms1,10T)
READ 4000, IXVXMINI N=1,IMY
READ 4000, [XALINAY,NAs1, TAL)
RE=REFTxVYM ‘
VXMEXYXM (1]
rg €0cz ly=1l.1¥
nELTAL=XDY (1]
ng 6Cc1 l1=1,1nTY
ALPHA=XAL 1)
4CCC FERMATIIAFS. 1]
BCCC FARMATLIHLs4HVX ) F502, 2%, 4HDELTARIF602s /] :
5CC1 FARMATI2X,2HAL,3X,SHCLYBT, 2X, SHCDTAT, 2X, 4HCLWT , 3%, 4HCLT T4 3X, 3HCLE,
14X 3HCL 124X s 3HCNW, 64X, BHCNT, #X, SHCNTD 2 3Xs FHCNBS 5X 0 2HCNS BXa 2HCAS 4 Xy
241XCPia 3X, 4HXCPT, 3X, 4HXCPE ) 3Y, 4HXCP 2 #Xs 2HCM, /)
820c FRINT Z0Cos VXMIDELTAL
FRINT BCC
CELTA=DELTAL/S7:255784+4000000001
ne 6200 JelslAL
AL=ALPYA/57029E8784400000001
1 VXMR1zVXM ‘ -
122Y=122Y+1 N
1F [122ZY = 4) 6666664621111
CEEE VYXMEag
1111 call cLASyS
JEILLLL=1] 900,942,280
2CC 1FUIZ2Z2Y=4) 62C3160069:92% .
9p% ALL TATSUB
6CCT XLAML4=ATANT (5% (B1oD)¥1e/09LAMY s 25uXLAMI4CROBT =4 25%CREOT/
RESREFTeVXMaXMAC
' 1F [RE=1+£061 ¢010,6020,6020
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FXS32,+%FXS

EXS= [CREBT*D/2.+EXSI %2

1 [12Zy=4) 6091,6091,6092
1 (122v=3) 6093,6094,4095

1F [ALY 2401,2402,2407
pPrC==80C

? LLKK=LLKK+L

1F [LLYK=R) 24(03,24C4,2420

17 (Sw) 2410,2410,2420
LLKKReLKK+]

1F [Sw21 24l1l,2411,242¢C
LLKR={LKK+1

1P [L|XKk=2) 83Cs943,9573

Y aBYisXKWH

YKANWe XKBY
YCPNQKYWING+XPCRAB¥CR69T
YCPBWeXh [NG+XBCRAW«CRAPLT
apCH=alC

CLWESTMNIALY ¥ [XKWRW+XKBWWI v LALW*SWeCOSTAL) /AREA
CLNB“SINCALJ*XKWRW&CLALW xSwW#COS ALY /AREA
CLBWsCLw=CLW3

CLVISw= [SINIAL) #SINTAL) sSW2CBS[ALI /AREA) #O6DCW
CLWSCLW+CLV]ISW

Co9w=Che* [SW+EXS) /AREA
XLAMWa=xLAML 4

TaVCWeTEVC

T8 T=Sw+EXS

122Ys122Y+1

TEISWaY S42,94720511L
CBLAM=CRS[CLAMW2YI/SINICLAML2)
rCELAM=RETAXCOAM.
CRABT=zCREQWR2

R1=8BW2

JAFB=]AFRY?

CLALLI=CLALWR
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1317

RAR=BETA®ARWZ
RATIA=CRABT/IBETASD)
1FLIZ2zY«=4) 6009460C09,925
XKnBWpaxXKwB :
XKBRWwHP2XKapW
XCPWR2=XWING2+XBCRWB#CROBY
XCPEW2axWING2+XBCROW#CREOT
apCw2=PLC _ . , »
CLwe=SINTALY # [XKWBW2 ¢ XKkBWW2Y #CLAL W2 #SW2#CBS (ALY /AREA -
CLWB2=SIN (ALY #XKWBWR4CLALWR #SW2»COS [AL) /AREA
CLBW2=CLWa=CLWER
CCLVIWR=[SINTALI*SINLAL) #SW2#CBS (ALY JAREA) #8DCHW 2
cLaceClwl+ LV w2 B .
FDew2eC00% [SW24EXS) /AREA '
XLAMZ4=xLAML 4
XLAMZ =X AML4
SweTRT=8SWR+EXS
122Y = 12ZY + 1
LLKK= LKK+2
IF IST) 9R(0»980,940
COLAM=COS [CLAMTI /SIN [CLAMT)
ARTZ(RT«DY »»2/5T
BRCOLAM=RETA=CO AM
CROB8T=CRABTT
71=B7
BAR=BETA#ART
CLALT=CLALT
TAFB=1AFBY
XMAC=x“ACT
TAavC=T1avCT
TSwPl=1sWpT
XLAM1=XLAMT
RATIA=CRPBT/IBETA#D)
IF [122v=4) 60C9,6009,925
XKWET=XKWR
XKW T2 XKR K
XCPETsXTAIL+XBCRBW#CREAT
esCT=50C
CLT=DIXKWRT+XKRWT) #SINTALTY#CLALT#ST=COSFAL) ZAREA
CLTE=SIN ALY #XKWRT«CLALT*ST#COS (ALY /AREA
CLBT=Cl.T=CLTHB : _ :
CLTD%:XKTE*CLALT%SIN[DELTA]#ST*CBS[AL+DELTA)/AREA
CLTDs(XKTB+XKBTJ*CLALT*SINtDELTAJ*ST*CBSIAL+DELTAJ/AREA
cL3lT=CLTp«CLTEB ’ ) :
CLVIST=CISINIAL+DELTAI #SINFAL+DELTAI #ST4COSTAL«DELTAY /AREAT #BDCT
CLT=CLT<+CLVIST :
CLRT=CNB*[ST+EXS) /AREA
STT8T=ST+EXS
XLAMT4=x AML Y .
1F (1772Y=4) 1610,161C,6098
XCPTRaXTATL+ [IXKWBT#SIN[AL) #XBCRWB4XKTB#S INIDELTA) sXBCRWB) /
1IXKBY«SINCALY 4XKT3#SIN (DFLTAI ] #CREOTT
IF -1122Y = 4) 1legl0, 1410, 1710
XLBR = X_/D
ZXMEVXM L ARS [SIN[ALT]
IF [ZxMweg) 1310,135¢C,135¢
CPC22.4=50RT (1512514512962 XMB7XM]
58 TA 1391
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1352 tr (Zx™-1,15) 1380,12370,1370

1380 CCC21.64SCRT(4C344a tzx~-.9751~'23
39 78 139

137C 1F t’x“-u.l 13¢0,1381,1381

1362 CDC=14a9=SQRT (036120095 [ZXMu34] ¥42)
ne TP 1394

1381 cpC=1.3

1391 £TASI010000475 [XLBR*3)1 (0,001 73 (XLEB#x211+(0+0298XLABI 4045146
1F (VxM=e8) 1395,1395,1392

1392 1F [VxM=1,.4) 1292,139%4,1394 '

13973 ETAZETA+ [1=ETAY#[VXMweBleio11l1111111111
69 T8 13%%

1224 pra=l,
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1320 yx2Kl1=0.939
ae 78 1400
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160C 4LP=AL
1F ALY 16c2:1601,1608

1éCz cpC=-CrC
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TABLE 2

INPUT NOMENCLATURE®

g LREA arbitrary reference area, ft2
; BT total‘tip-to~£ip tail span including the missile body*¥
4 o ’
] BW total tip-to=-tip wing span including the missile body
B2 total tip-to-tip wing two span including the missile body
CLAMT leading edge sweep angle. of the tall#%#
CLAMY leading edge sweep angle of the wing
CLAMWE leading edge sweep angle of wing two
CROOTT tail root chord
CROOTW wing root chord-
,; CROOTW2 wing two root chord
1
1 D ’ body diameter -
] HT altitude in feet
: TAFBT afteriody constant for the tail
14 0 - no aftervoay rol}owing the.tail
' 1 = afterbody following the tail
IAFBW afterbody constant for the wing
0 = no afterbody following the wing

1 - afterbody following the wing

IAFEW2 afterbody constant for wing two
0 ~ no afterbedy following wing two
1 - afterbody following wing two

é IAL number of angles of attack

ICsC control surface constant
1 - tail control-
2 = wing control
3 = canard control ¢

IDT number of control surface deflection angles (must beat least
onej if there is no control surface, IDT = 1, DELTA = 0.0)

M number of Mach numbers
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TABLE 2

: (continued)

INOSE nose constant
1 - blunted ogive or cone
2 - pointed ogive
3 - pointed cone

ISWPT sweep constant of tail
1 = unswept mid-chord:
2 -~ unswept trailing edge

ISWPW sweep constant of wing
1 = unswept mid=-chord
2 = unswept trailing edge

ISWPW2 sweep constant of wing two
1 = unswept mid=-chord
2 - unswept trailing edge

BODY number of configurations being run (a configuration is one
complete datsa deck)

ST exposed planform area of one pair §f tall panels

Sw exposed planform area of one pair of wing panels

sSw2 exposed planform area of one pair of wing two panels
TOVCT thickness~to=chord ratioc of the tail

TOVCW thickness=to~chord ratio of the wing

TOVCW2 thickness-to~-chord ratio of wing two

XAL“ nissile angle of attack (degrees)

XCG missile center of gravity location as measured from the nose
DT control surface,deflection‘angle (degrees)

11 ' missile length

LLAMT tip~to=root-chord ratio of the tail

XLAMW tip~to=root-chord ratio of the wing

FLAMW2 tip-to-root-chord ratio or wing two

XLNOSE length of the nose
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XMACT
XMACW
IMACW2
XREF

XTAIL -

XVXM

XWING

XWING2

TABLE 2
(continued)
mean geometric chord of the tail

mean geometric chord of the wing

mean geometric chord of wing two

"arbitrary reference length

"distance from the nose to the leading edge of the tail root

chord
missile flight Mach number

distance from the nose to the leading edge of the wing root
chord

distance from the nose to the leading edge of wing two root
chord

¥ The control surface is defined as the tall regardless of the mode of
control, and the fixed surface(s) is (are) always defined as the

wing(s).

See Figure 1. -

#¥%¥ A11 linear dimensions are in feet,

#¥%%A11 angular dimensions are in degrees.
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TABLE 3

PROGRAM INPUT FORMAT

1| Run Identification Configuration Title and/or Numbar {1zt 60 columns)
21 Control 1CsC INOSE 1DT ™ IAL NBODY
Constants (15) (15) (15) (15) (15) (15)
31 Wing ISWewW IAFEW XLAMW CLAMW BW CROOTW SW XMACW XWING
Inputs (15) (15) (F10.5) . (F10.5) (F10.5) (F10.5) (F10.5) (F10.5) (F10.5)
| Wing 2 ISWPW2 TAFPBW2 XLAMW2 CLAMW2 Bw2 CROQW2 sw2 XMACW2 XWING2
Inputs (15) (15) (F10.5) (F10.5) (F10.5) (F10,5) (F10.5) (F10.5) (F10.5)
51 Tail ISWPWT TAFBT XLAMT CLAMT - BT CROOTT ST XMACT XTAIL
Inputs (15) (15) {F10.5) (F10.5) (F10.5) (F10.5) (F10.5) (F10.5) (F10.5)
6 | Miscellaneous HT D ‘ YLNOSE XCG AREA XREF
Data (F10.3)  (F10.3) (F10.3)  (F10.3) (F10.3) (F10.3) (F10.3)
T | Miscellaneous TOVCW  TOVCW2 TOVCT
Data (F10.3)  (F10.3) (F10.3)
8 | Control Surface XDT Any number of deflection angles up to 16 may be input.
Deflection Angles (F5.1) . ' ‘ '
91 Missile Flight XViM Any number of Mach numbers up to 16 may be input.
Mach Numbers (F5.1)
10 | Missile Angles XAL Any number of angles of attack up to 48 may be input.
of Attack (F5.1)
11 { Missile Angles If this card is not required, leave out of data deck.
of Attack
12§ Miszile Angles If this card is not required, leave out of data deck.

SN
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7 TABLE k4
fﬁ g OUIPUT NOMENCLATURE
- AL missile angle of attack, degrees
CA total axial force coefficient
CDTOT total missile drag coefficient
CLALT C, of the tail
CLALW CLa of the wing
CLALW2 CLa of wing two
CLB boZy lift coefficient
CLI 1ift loss due to downwash
CLTOT total missile 1ift c0efficiént
CLTT tail 1ift coefficient
CIWT | wing 1lift coefficient
M . total pitching moment coefficient about the missile ceﬁtér of :
gravity : ’
CN ‘ tétal normal force coefficient
1 CNB - © body normal force coefficient
| CNT © tail normal force coefficient
CNTD ' taill normal force coefficient due to control surface deflec-
: tion
CNW wing normal force coefficient"
DELTA control surface deflection angle, degrees
VXM " missile flight Mach number
XCPB body center of pressﬁre>location as measured from the nose,
feet
XCPT tail center of pressure location‘as measured from the nose,
feet
CME = CPE(CXCE
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TABLE 4

(continued)
XCPW wing center of pressure location as measured from the nose,
feet
. XCP2 total missile center of pressure location as measured from

the nose, feet
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